13 

Except for the instances where a phase inversion is 
provided, the phase adjustment in each cycle is limited to a 
particular magnitude. For example, when sixteen (16) ampli- 
fien are provided in the ring oscillator 186, each phase 
adjustment may be limited to that provided by two (2) 
successive amplifiers in the ring oscillator 186. This 
enhances the stability in adjusting the phase of the clock 
signals on the line 128 so that the signal x« occurs at the zero 
crossing of die dock signals. 

When a phase inversion of 90^ occurs, an adjustment in 
the phase of the dock signals on the line 128 in FIG. 11 is 
not made at the same time as a result of the operation of the 
high gain error generator 132. This enhances the stability in 
the phase adjustments. An adjustment in the phase of the 
dock signals is also not made during the time between the 
occurrence of the successive packets. 

When the signal on the line 146 in FIGS. 11 and 16 
in dicates the occurrence of the digital signals representing 
the information or data in a padcet, the select stage 180 
passes a signal to the loop filter 126 to provide a gain of K3 
or K2 in the loop filter depending upon the rdative charac- 
teristics of the curve represented by Jip x„ and in FIG. 14. 
Hie multiplexer 182 then selects one of the amplifiers 
lS8a-188^ for the passage of a signal to the dock line 128 
in accordance with the operation of the loop filter 126. 

Although this invention has been disdosed and illus- 
trated with reference to particular embodiments, the prin- 
dples involved are susceptible for use in numerous other 
embodiments which will be apparent to persons skilled in 
the art The invention is. therdfore, to be limited only as 
indicated by the scope of the appended daims. 

~ claim! _ 
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1. Ie 
having 
represc 



1. In combination for use 1 
having individual ones of a ] 
represent information, 
a hub, 

a plurality of computers, 
a plurality of pairs of twisi 
disposed between the hub I 
computers to transmit d] 
one of the computers and 
each of the conqmters indi 
from the hub the signals ha' 
levds. 



a system providing signals 1 
)lurality of analog levels to 

35 

wires, each plurality bdng 
an individual one of the 
between the individual 40 
hub, 

a recdver for receiving 
the plurality of analog 
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fint means responsive in 

recdvcd signals for provii 

the received signals at a pi 
second means responsive in 

digitally converted signals 

computer for regul 

first means at the 
third means responsiv( 

digitally converted 

computer for provide an 

such digitally con' 

and for sdecting, after such 

individual ones of the analog l] 

tude to the digitally converted 
fourth means in each of the com] 

individual ones of the analog 

third means in such computer 

tion represented by the receivedlsignals 
2. In a combination as set forth in claim 1. 
fifth means responsive in each of the computers to the 65 

reodved signals in such compuDpr for providing an 

automatic gain control in such signals and for intro- 



of the computers to the ^ 
digital conversion of 
[ar frequency, 

the computers to the 
the first means in such 
gitfil conversion by the 
[uency. 
if the computers to the 
the first means in such 
ve equalization of 
from the first means 
adaptive equalization, 
s dosest in magni- 
gnals, and 

Iters for decoding the 
ivels selected by the 
recover the informa- 
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dudng the gain contrd|led signals from the fifth means 
to the first means in si ich computer, and 
sixth means responsive 1 1 each of the computers to the 
signals from the first means in such computer for 
regulating the gain in tl e fifth means in such computer. 

3. In a combination as se forth in claim 1, 

the third means in each of the computers including a feed 
forward equalizer and a decision feedback equalizer for 
for correcting for disto tions in the digital conversion 
from the second means i nd including "i^ny responsive 
to the signals from the feed forward equalizer and the 
decision feedback equa] izer for selecting, for introduc- 
tion to the fourth mear s, the analog levels closest in 
magnitude to the digita conversions. 

4. In a combination as set forth in daim 1, 

the signals received in eac i computer fipom the hub being 
in the form of packets esch having a plurality of timing 
signals at the beginning of such pp^M, and 

the second means including fifth means responsive to the 
timing signals in eachjacket for regulating the fre- 
quency of the digital coOTersion of the received signals 
by the first means at the particular value. 

5. In a combination as set forth in r\mm 

the signals received in each ( omputer from the hub being 
in the form of packets each including a plurality of 
signals representing data, md 

the second means including f fth means responsive to the 
signals representing data u i each packet for regulating 
at the particular frequency he digital convmion of the 
received signals by the fin t means. 

6. In a combination as set fo th in claim 1, 




fipom the bub being 
luding a plurality of 
of such packet and each 
is following such timing 

fi^ means responsive to the 
ti for providing a coarse 
particular frequency the 
Ived signals by the first 

means responsive to the 
packet for pro viding a 
particular frequency the 




the signals received in 
in the form of 
timing signals 
including a plurality 
signals and 
the second means incl 
dming signals in each . 
control in regulating at 
digital conversion of the 
means, and 
the second means including 
signals representing data in 

fine control in regulating at _ ^ , ^ 

digital conversion of the rea ived signals by the first 
means. 

7. In combination for use in a system providing signals 
having individual ones of a plurality of analog levels to 
represent information, 

a hub, 

a computer displaced from the I ub, 

a plurality of twisted pairs of win is extending between the 

hub and the computer, 
one of the twisted pairs of wire ; providing only for the 

transmission of the signals ft om the computer to the 

hub, . 

a second one of the twisted pairs of wires providing only 
for the reception at the computer of the signals from the 
hub. 

third and fourth ones of the twi 

viding for the transmission 

computer to the hub and the 

of the signals from the hub, 
first means responsive at the . 

received at the computer throu 




pairs of wires pro- 
the signals from the 
ition at the computer 

Iter to the signals 
the second, third and 
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fourth ones of the tw&ted pairs for providing a digital 
conversion of such sKnals at a particular frequency, 

tinring recovery means responsive to the digitally con- 
verted signals from t le first means for regulatii^ the 
frequency of the digit d conversion by the first means at 3 
the particular frequei cy. and 

digital adaptive equalizf r means responsive to the signals 
from the firat means I >r selecting individual ones of the 
analog levels closest n the plurality to the magnitudes 
of the digitally convc rted signals. lo 

8. In a combination as i et forth in claim 7, 

second means rcsponsiv : at the computer to the received 
signals for providing i m automatic gain control of such 
signals and for introdi dug such gain controlled signals 
to the first means, and ^ ^ 

third means responsive i o the digitally converted signals 
from the first means for regulating the gain of the 
signals from the seco id means at a particdar value, 

the digital adaptive equi lizer means being responsive to 
the digitally convertec signals fitim the first means for 20 
selecting the individu^ 1 one of the analog levels closest 
in the plurality to the signals from the second means. 

9. In a combination as s^ forth in claim 7, 
) the selection by the digital 
of the individual ones of the 25 
ity for recovering the infor- 

uch analog levels, 
forth in claim 7, 
in the form of packets each 
g signals in a preamble at 30 
and including a plurality 
Ipreamble, and 

including second means 
Lgnals in the preanible in each 



second means responsi^ 
adaptive equalizer 
analog levels in the pi 
mation represerUed by 

10. In a combination 

the received signals 
including a plurality c 
the beginning of such 
of data signals after 

the timing recovery 
responsive to the timing 



35 



I the particular value the fre- 
provides a digital 
Ived at the computer, 
[forth in daim 7, 

form of padcets each 
signals at the beginning 40 
plurality of data signals 



the : 



50 



padcet for regulating at 
quency at wMch^ 
conversion of the 

11. In a combination 
the recdved signals 

induding a plurali 
of such packet and iSclu 
after the preamble, 
the timing recovery means ix duding third means rcspon* 
sive to the timing signals ii the preamble in each padcet 
for regulating, at the paticular frequency, the fie- « 
quency at which the first means provides the digital 
conversion of the digital i ignals recdved at the com- 
puter, and 

fourth means responsive to the selection by the digital 
adaptive equalizer means i )f the individual ones of the 
analog levels for recovering the data represented by 
such aruilog levels. 

12. In a combination as set orth in claim 8, 

the received signals bdng m the form of packets each 
induding a plurality of tii ling signals at the beginning 
of such packet and includ ng a plurality of data signals 
after the preamble, 

the timing recovery means i icluding third means respon- 
sive to the timing signals! a the preamble in each padcet ^ 
for regulating at the partic ular fipequency, the finequency 
at which the first means p] ovides a digi^ conversion of 
the signals recdved at Ui i computer, and 

fourth means responsive tc the sdection by the digital 
adaptive equalizer means of the individual ones of the 65 
analog levels for recove ing the data represented by 
such analog levels. 
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13. In a combination ai set forth in daim 12, 

the timing recovery means including fifth fm»flng for 
regulating, at the pmcular ficqucncy in accordance 
with the pattern of the digital conversion of the pro- 
gressive ones of the ^ming signals in each packet, the 
fircquency at which tfie first means provides a digital 
conversion of the tirning signals received at the com- 
puter, j 

the timing recovery means inchiding sixth means for 
regulating, at the particular frequency in accordance 
with the pattern of tile digital conversion of the pro- 
gressive ones of the |data signals in each prVft , the 
finequcncy at which the first means provides a digital 
conversion of the data signals received at the computer; 

14. In combination for use in a system providing signals 
having individual ones of a plurality of analog levels to 
represent information, 

a hub, 

a computer displaced from the hub. 

a plurality of twisted pairs of wires between the hub and 
the coinputer, individjial ones of the twisted pairs of 
wires either transmitdng or receiving the digital signals 
and other ones of the twisted pairs of wires selectively 
transmittiiig and receiving the digital signals, 

first means responsive to the signals received in the 
twisted pairs of wires for providing a digital conversion 
of the received signals lat a particular rate, 

second means responsive|lo the digitally inverted sig- 
nals from the fost means for reguhi^gr^iate of the 
digital conversion of tlieVeceivajk^^als at the par- 
ticular rate, and j' 

third means responsive toUb^digitally converted signals 
fixnn the first inearisfGfconvertziig the magnitudes of 
such digitally conv^ted si^s to the individual ones 
of the analog levels dopest to such ™gn!f«H^ and for 
recovering the information r^jrescnted by such analog 
levels. j 

15. In a combination as set pmh in claim 14, 

fourth means responsive to the digitally converted signals 
fipom the first means for providing an automatic gain 
control of such signals ar^ for introdudrig such gain 
controlled signals firom the fourth means to the first 
means. | 

16. In a combination as set forth in daim 14, 

the reodved signals being prjivided in padcets, and 
the second means induding fourth means responsive to 
the signals in eadi padxt for regulating the rate of the 
digital conversion of the reodved digital signals in such 
packet at Che particular value, and 
the third means being responsive to the digitally con- 
verted signals in each padcet from the first mf>fln<t for 
recovering the informatioii represented by such digi- 
tally converted signals, j 

17. In a combination as set forth in daim 14, 

the received signals bdngjprovided in packets each 
induding a plurality of timing signals at the beginning 
of such packet, and 

the second means induding fourth means responsive to 
the timing signals m each padcet for regulating die rate 
of Uie digital conversion df Uie received signals at the 
particular rate. I 

18. In a combination as set forth in daim 15, 

the reodved signals bdng Iprovided in packets each 
induding the progressive dbta signals in the preamble 
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the received signals being ^ — 
ing the data signals in sui 
representative of the infd 
the second means including 
individual patterns of the mdiv 
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in such packet in individual patterns representadve of 
the data in such packet, ana 
the second means including rourth means responsive to 
the individual patterns of thi progressive data signals in 
each packet for regulating he rate of the digital con- 
version of the received data i ignals in such packet at the 
particular value. 

19. In a combination as set fo th in claim 15, 
the received signals being provided in packets each 

including a plurality of timix g signals in a preamble at 
the beginning of such packc t and each including Hafa 
signals in such packet after he timing signals in such 
packet, for regulating the rat s of the digital conversion 
of the received data signals it the particular rate, 

the second means including six h means responsive to the 15 
timing signals in the preanble in each packet for 
regulating the rate of the dig tal conversion of the data 
signals in such packet at the particular rate, and 

the second means including sei enth means responsive to 
the individual patterns of the lata signals in each packet ^ 
for regulating the rate of the digital conversion of the 
received data signals in sue i packet at the particular 
rate. 

20. In a combinadon as set for h in claim 14, 
the third means including digital adaptive equalizer means 

responsive to the digitally cc nverted signals from the 
first means for selecting fo' each of such digitally 
converted signals the indiviiual one of the analog 
levels closest to the magrdtuile of such digitally con- 
verted signal and including fo irth means responsive to 
the selected amplitude levels Srom the digitd adaptive 
equalizer means for recoverir g the information repre- 
sented by such amplitude 

21. In a combination as fbrt^in^^m 20, 



25 



30 



packets each hav- 
individual patterns 
in such packet, 
responsive to the 
dual ones of the analog 40 



levels selected by the digital ac ^tive equalizer means 
in each packet for regulating the rate of the digital 
conversion of the received sign; Is in such packet at the 
particular value. 
22. In combination for use in a sy stem providing signals 45 
having individual ones of a plurality ' of analog levels rep- 
resenting information, 
a hub, 

a computer displaced from the hul 

a plurality of twisted pairs of wire! between the hub and 
the computer, individual ones 01 the twisted pairs of 
wires either transmitting or receiving the sigiials and 
other ones of the twisted pair! of wires selectively 
transmitting and receiving the signals, 

the signals bemg provided in padtets each including a 
preamble providing a plurality o ' timing signals and, 
after the preamble, a plurality of ^ ata signals represent- 
ing the information, 

first means responsive to the sigrals received in the go 
twisted pairs of wires in the plur lity for providing a 
digital conversion of the received ^gnals at a particular 
rate, 1 

second means responsive to the timing signals in the 
preamble in each packet and provioing a first gain for 65 
regulating at the particular rate the digital conversion 
. by the first means of the received signals. 



50 



55 



18 



# 



o 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



60 



65 



18 

third means responsive o the data signals representing the 
information in each p icket and providing a second gain 
lower than the first g dn for regulating at . the particular 
rate the digital conv ersion by the first means of the 
received signals, and 

fourth means responsiv ; to the digital conversions from 
the first means of the data signals for converting such 
digital conversions tc the information represented by 
such digital cbnversic ns. 

23. In a combination as set forth in daim 22, 

the fourth means being esponsive to the digital conver- 
sions from the first m ans for selecting, for each of the 
data signals representi ig information in tiie packets, the 
individual ones of tie analog levels closest in the 
plurality to the magmi ude of such digital conversions. 

24. In a combination as recited in claim 22, 

the third means includir g fifth means responsive to first 
individual patterns of the data signals representing the 
information in each (lacket for providing a first par- 
ticular value for the se cond gain in the regulation at the 
particular rate of the c igital conversion of tiie received 
signals by tiie timd n eans. and 

the third means including sixth means responsive to 
second individual pa terns of the data signals repre- 
senting the informatic n in each packet for providing a 
second particular val le of the second gain, different 
from the first particul£ r value of tiie second gain, in the 
regulation at the partic ular rate of tiie digital conversion 
of tiie received signal s by tiie tiiird means. 

25. In a combination as recited in daim 24, 

the fourth means indi ding digital adaptive equalizer 
means responsive to the magnitudes of the digital 
conversions from the first means for selecting indi- 
vidual ones of the am leig levd^osest in tiie plurality 
to such magnin ' 
the fourth means i 
the individual < 
digital adaptive 
selected analog 4tvAU ; 
resented by such a^ )g levels. 

26. In a condnnation as redted in daim 22, 

fiftii means responsive U i the recdved signals for provid- 
ing an automatic gain control of such signals, and 

sixtii means responsive ti> the digital conversions from the 
first means for regul iting the automatic gain of the 
signals from the fifth means at a particular value. 

27. In a combination as set forth in daim 25, 

sixtii means responsive to tiie recdved signals for pro- 
viding an automatic ] ;ain control of such signals, and 

seventii means responsi re to tiie digital conversions from 
the first means for r tgulating the gain of the signals 
from the fiftii means at a particular value. 

28. In combination for ise in a system providing signals 
having individual ones of a plurality of analog levds rep- 
resenting information and providing a computer and a hub 
displaced from tiie compu ter and a plurality of twisted pairs 
of wires between tiie hub and tiie computer. Individual ones 
of tiie twisted pairs of wir es rither transmitting or recdving 
the signals and otiier aits of tiie twisted pair of wires 
sdectivdy transmitting a id recdving tiie signals, 

the signals being prcmded in packets each having a 
preamble providing a plurality of timing signals and, 
after the preamble, 8 plurality of data signals represent- 
ing tiie information, 

first means disposed in tiie computer and responsive to the 
signals received in. he twisted pairs of wires for pro- 




1 means responsive to 
levds selected by the 
means for decoding such 
the information rep- 
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tmputer and responsive to 
for regulating with a first 
iion of the received sig- 

nputer and responsive to 
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viding a digital conversioniof the received signals at a 

particular rate, 
second means disposed in the 

the preamble in each padcc 

gain factor the digital convi 

nals at the particular rate, 
third means disposed in the ^ 

the digital conversions of theldata signals representing 

the infonnation in each pacl£et for regulating with a 

second gain factor lower than the first gain factor the 

digital conversion of such datl signals at the particular 

rate, and 

fourth means disposed in the coinputer and responsive to 
the digital conversions of the data signals from the first 
means for convciting such digital conversions to the 
information represented by su( h digital conversions. 

29. In a combination as set forth in claim 2S, 

the fourth means being re8ponsi\ b to the digital conver- 
sions of the data signals fro n the first means for 
selecting, for each of such d ;gital conversions, the 
individual one of the analog lev ds closest in magnitude 
to such digital conversions. 

30. In a combination as redted ir claim 28, 

the third means including fifth mc ans responsive to first 
individual pattems of the digital inversions of the data 
signals in each packet for provii ling a regulation, with 
a fint particular value of the f rst gain factor at the 
particular rate, of such digital o >nversions, and 
the third means including sixth means responsive to 
second individual pattems of the digital conversions of 
the data signals in each packet f »r providing a regula- 
tion with a second particul|^ va ue jpf the gain factor 
different from the first i 
gain factor, of such digi 
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30 




D ^ue of the second 
^ _^rsions, 

31. In a combination as re< ited/ui < lairo 30, 
the fourth means includin ^^gm I adaptive equalizer 

xneans responsive to Ihe^ igital » nversions of die data 
signals bom the first m ans foi selecting individual 
ones of the analog levels closesi in magnitude in the 
plurality to the digital conversioi s, 
the fourth means also including fifti means responsive to 
the digital conversions of the ^ ata signals from the 
digital adaptive equalizer means br decoding the ana- 
log levels selected by the digit il adaptive equalizer 
means to recover the informatioi represented by such 
analog levels. j 

32. In a combination as recited in claim 28, 

fifth means responsive to the received signals for provid- 
ing an automatic gain control oi such signals, and 

sixth means responsive to the digitjl conversions from the 
first means for regulating the gain of the signals from 
the fifth means at a particular \ alue. 

33. In a combination as set forth n claim 31, 

fifth means responsive to the rece ved signals for provid- 
ing an automatic gain control < f such signals, and 
sixth means responsive to the digi al conversions from the 
first means for regulating the i ain of the signals from 
the fifth means at a particular ^aluc. 
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34. In combination for use in a system providing signals 
having individual ones of a plurality of analog levels to 
represent infonnation and including a hub and a computer 
displaced from the hub and including a plurality of twisted 
pairs of wires extending between the hub and the computer. 65 
one of the twisted pairs of wires providing only for the 
transmission of the signals from the computer to the hub, a 
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second one of the twisted pairs of wires providing only for 
the reception at the compittcr of the signals from the hub, 
third and fourth ones of the twisted pairs of wires sdccdvely 
providing for the transmission of the signals from the 
computer to the hub and the reception at the computer of the 
signals from the hub, 

first means responsive at the computer to the signals 
received at the second, third and fourth ones of the 
twisted pairs for providing a digital conversion of such 
signals at a particular value of frequency, 

timing recovery means responsive at the computer to the 
digital conversions from the fint means for regulating 
at the particular value the frequency of the digital 
conversions by the first means, and 

digital ad^tive equalizer means responsive at the com- 
puter to the signals from the first means for selecting 
individual ones of the analog levels closest in magni- 
tude to the digital conversions from the first means. 

35. In a combination as set forth in claim 34, 

second means responsive at the computer to the received 
signals for providii^ an automatic gain control of such 
signals and for introducing such signals to the first 
means, and 

third means responsive at the computer to the digital 
conversions from the first means fariegulating the gain 
of the signals finom the second means at a partioalar 
value, 

the digital adaptive equalizer means being responsive to 
the digital conversions finom the first means for select- 
ing the individual ones of the analog levels closest in 
magnitude to the digital conversions from the first 
means. 

36. In a combination as set forth in claim 34, 

second means responsive at the computer to the signals 
frY>m the digital adaptive equalizer means for recover- 
ing the information represented by the analog levels 
selected by the digital adaptive equalizer means. 

37. In a combination as set forth in daim 34, 

the received signals being in the form of packets each 
including a plurality of timing signals in a preamble at 
the beginning of such packet and including data signals 
after the preamble, arid 

the timing recovery means including second means 
responsive to the timing signals in each packet for 
regulating at the particular value the frequency at which 
the first means provides a digital conversion of the 
signals rectived at the computer. 

38. In a combination as set forth in daim 34, 

the received signals being in the form of packets each 
including a plurality of timing signals at the beginning 
of such packet and induding data signals after the 
preamble, 

the timing recovery means induding second means 
responsive to the timing signals in each padcet for 
regulating at the particular value the frequency at which 
the first means provides the digital conversion of the 
data signals recdved at the computer in each packet, 
and 

third means responsive to the analog levels selected by the 
digital adaptive equalizer means for the data signals in 
each packet for recovering the data represented by such 
sdected analog levds. 

39. In a combination as set forth in daim 35, 

the recdved signals being in the form of packets each 
including a plurality of timing signals at the be^nning 
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of such packet and including data signals after the 
preamble, 

the timing recovery means including fourth means 
responsive to the timing signals in each packet for 
regulating at the particular value the frequency at which 
the first means provides a digital conversion of the 
signals received at die computer in each packet, and 

fifth means responsive to the analog levels selected by the 
digital adaptive equalizer means in each packet for 
recovering the data represented by such selected analog 
levels. 

40. In a combination as set forth in claim 38, 
fifth means disposed at the computer for regulating at the 

particular value, in accordance with the pattern of 
successive ones of the signals in each packet, the 
frequency at which the first means provides a digital 
coaversion of the signals received at the computer. 

41. In combination for use b a system including a hub and 
a plurality of twisted pairs m wires to provide packets of 
signals where .each padcet inoludes a preamble defined by a 
plurality of dming signals aiM includes a plurality of data 
signals following the preamble, each of the data signals 
having an individual one of ffl plurality of analog values to 
represent information and where the timing signals and the 
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data signals in the packets 
twisted pairs of wires finom 
a computer displaced bo: 
packets including the ti: 



transmitted through the 
hub. 

the hub for receiving the 
signals in preamble and 
the data signals representihg the information, 
the computer including a plurality of channels each 30 
responsive to the packets] received by the computer 
from an individual one of tl le pairs of the twisted wires, 
each individual one of the ch iimels including fint means 
for providing digital conv( rsions at the particular rate 
of the signals received in e !ch packet in such channel, 35 
each individual one of the ±annels including second 
means responsive to the d gital conversions firom the 
first means in each of the c hannels for operating upon 
such signals to regulate tlv digital conversions of the 
received signals by the first xieans at the particular rate, ^ 
and 

lels including third means 
i4vmio& of the data signals 
Channel for selecting the 
og values in the plurality 
thdidigital conversions of the 
sue n channel 

;t fc rth in claim 41, including, 
fourth means responsive to tht analog values selected by 
the third means in each of the channels for decoding 
such analog values and foi combining such decoded 
analog values for the diffen nt channels to recover the 
information. 

43. In a combination as set fo th in claim 41 wherein 
the second means in each individual one of the charmels 
includes fourth means respo [isive to the timing signals 
in the packets in such chanr el for operating upon such 
titning signals to regulate th : digital conversions of the 
received signals by the first neans at the particular rate 
and wherein 

the second means in each indi /idual one of the charmels 
includes sixth means respcnsive to the data signals 
representing the informaticn in the packets in such 
channel for operating upon such data signals to regulate 65 
the digital conversion of the Received signals by the fint 
means at the particular rate, 



each individual one of the 
responsive to the digital 
firom the first means 
individual ones of tbi 
closest in magnitude 
data signals receivi 

42. In a combination as 
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44. In a combination as sea forth in claim 42 wherein 
the second means in each of the channels includes fifth 

means responsive to the tuning signals in the packets in 
such channel for operating upon such timing signals to 
regulate with a first par^lar gain factor the digital 
conversion of the recdveoisignals by the fint means at 
the particular rate and wherein 

the third means in each of me channels includes sixth 
means responsive to die di£tal conversions of the data 
signals representing the information in the packets in 
such chaimel for operating upon such digital conver- 
sions to regulate with a secoi d particular gain factor the 
digital conversion of the dati signals by the first means 
at the particular rate and wl: erein 

the second particular gain fac tor is less than the first 
particular gam factor. 

45. In combination for use in a ! ystem including a hub and 
a plurality of twisted pairs of w res to provide packets of 
signals where each packet includ » a preamble defined by a 
plurality of timing signals and iiicludes a plurality of data 
signals having individual ones of a plurality of analog levels 
to represent information and wh ne 

the signals in the packets tie transmitted through a 

plurality of the twisted paii s of wires from the hub, 
a computer displaced firom he hub for receiving the 
packets including the timii ^ signals in the preamble 
and the data signals transm tted from the hub, 
the computer including a plun lity of channels each indi- 
vidual one of which receives the signals in the packets 
in at least an individual one! of the twisted pairs, 
each individual one of the chanaels including first means 
for providing an automatic g^n co^tfbl of the signals in 
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the packets in such cl 
each Individual one 

means for providing 

rate of the signals in 

such chaimel, 
each individual one of 




lels including second 
conversion at a particular 
from the first means in 

jels including third means 
responsive to the signals froni[the second means in such 
channel for regulating the gahi of the signals from the 
first means in such channel 4 a particular value, 
each individual one of die ctiannels including fourth 
means responsive to the digital conversions from the 
second means in such channel for selecting die indi- 
vidual ones of the analog levds in the plurality closest 
in magnitude to the digital conversions of die data 
signals in each packet from t&e second means, 
each individual one of the channels including fifth means 
responsive to the digital con^^ons from the second 
means for regulating at the particular rate the digital 
conversion of the signals in the packets in such channel 
by die second means. j 
46. In a combination as set forth in claim 45, 
the fifth means in each indivic|ual one of die channels 
including sixdi means responsive to the timing signals 
in the preamble in die packets in such channel for 
providing a first regulation in'die digital conversions by 
the second means of die signals in such packets at the 
particular rate, and | 
the fifth means in each individual one of the channels 
including seventh means responsive to the data signals 
representing the information in the packets in such 
charmel for providing a second regulation in the digital 
conversions by the second means of the data signals in 
such packets at the particular rate. 
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.23 



the first regulation bein 
lation. 

47. In a combination as 

the fifth means in each 
including sixth means 
in the preamble in t 
providing a first leguli 
conversion by the secoi 
packets at the particul 

the fifth means in each 
including seventh meansi 



different from the second regu- 

fortb in claim 45, 
tdividual one of the channels 
(pensive to the timing signals 
packets in such channel for 
m with a fint gain factor in the 
i means of the signals in such 
rate, and 

lividual one of the channels 
insive to the data signals 



10 



ess than the first gain factor, 
iie information r^nesented 



representing the informj tion in the packets in such 
charmel for providing a Second regulation with a sec- 
ond gain factor in the dig tal conversion by the second 
means of the data signal: in such packets at the par- 
ticular rate, 
the second gain factor being 
and 

eighth means for recovering ^ 

by the individual ones of the analog levels selected by 
the fourth means. 

48. In a combination as set forth in claim 47, 
the seventh means for eadi in( ividual one of the channels 

including eighth means responsive to a first pattern of 
the digital conversions of tb e data signals representing 
the information in the packets in such channel for 
providing a third regulation Iwith a third gain factor in 
the digital conversions by the second means of the data 
signals in such packets at tne particular rate, 
the third gain factor being less t lan the second gain factor. 

49. In a combination as set foi th in claim 43, 

the fourth means for each indi^ idual one of the channels 
including a feed forward equ Jizer, a decision feedback 
equalizer; a multi-level data s lic^and an adder respon- 
sive to the outputs from the f seuforward equalizer and 
for providing an output 
he feed forward equalizer 
ths second means for such 
fee Iback equalizer receiving 
^r, and 

torn the data slicers in the 
0 nnbming such outputs to 



15 



I for 



the decision f( 
to the multi-level 
receiving the oui 
chaimel and the 
the output of the 
means for decoding 
different channels 
recover the info 

50. In a combination as set foith in claim 45, 
sixth means for decoding the ar alog levels selected by the 

fourth means for the digita conversions of the riyta 
signals in the different charm is and for combining such 
decoded analog levels to re( over the information rep- 
resented by the such digital conversions. 

51. In a combination as set fo th in claim 49, 

there being a plurality of data ! licers each included in the 
fourth means in an individi al one of the chaimels for 
selecting the individual one of the analog levels clos- 
est in magnitude to the digi al conversions of the data 
signals in such channel, 

sixth means for decoding the a lalog levels selected by the 
second means for the digit d conversions of the data 
signals in the different cham els and for combining such 
decoded analog levels to re cover the information rep- 
resented by the digital conversions of the data signals 
in the different channels, ai d 

means for recovering the infoi niation represented by the 
analog levels selected by theYiata slicer in each channel 
firom the digital conversions of the data signals in such 
channels. 
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52. In combination for i se in a system providing signals 
having individual ones of a plurality of analog levels to 
represent information, 

a hub, 

a computer, 

a plurality of pain of tw isted wires connecting the hub 
and the computer, 

a first one of the twistec pairs of wires being only for 
transmission of the signals from the computer to the 
hub, a second one of the twisted pairs of wires being 
only for the reception of the digital signals at the 
computer from the hub md third and fourth ones of the 
twisted pain of wires b sing for the selective transmis- 
sion of the signals from he computer to the hub and for 
the selective reception )f the signals at the computer 
from the hub, 

first means at the computer for transmitting the signals 
through the individual o les of the first, third and fourth 
pairs of the twisted wire i from the computer to the hub. 

second means at the comnucr for receiving the signals 
passing through the indi iddual ones of the second, third 
and fourth pairs of the wisted wires &om the hub, 

a media access controll(x for establishing a priority 
between the signals reodved by the computer and the 
signals transmitted by tl le computer when the received 
and transmitted signals occur simultaneously, 

a plurality of third means each responsive in the computer 
to the digital signals rea ived through an individual one 
of the second, third and 1 ourth twisted pairs of wires for 
providing a digital cor version of such signals at a 
particular rate, 

a plurality of fourth means each responsive in the com- 
puter to the digital conversions of the signals fiom an 
individual one of the tliird mea^^ the plurality for 
regulating the digital Cdnveijidns by such individual 
one of the thirdV " * ' 



aplurality of fifth) 
to the digital convi^ 
third means in 1 
such digital conv 
rality of analog 
digital conversi(Hisl 



i particular rate, and 
1 responsive in the computer 
I from an individual one of the 
ty for establishing for each of 
siona< an individual one of the plu- 
(losest in magnitude to such 
om the first means. 

53. In a combination as set forth in daim 52, 

sixth means responsive to th 5 analog levels established by 
the fifth means in die plun lity for decoding such analog 
levels and for combining the decoded analog levels to 
recover the information represented by such analog 
levels. 

54. In a combination as set brth in claim 52. 

a plurality of sixth means eac i responsive in the computer 
to the signals received thro ugh an individual one of the 
second, third and fourth twisted pairs of lines for 
providing an automatic gain control of such signals, 
and 

a plurality of seventh meais each responsive in the 
computer to the digital cor versions from an individual 
one of the third means in th z plurality for regulating the 
gain of the signals from an individual one of the fourth 
means in the plurality at a particular value. 

55. In a combination as set f )rth in claim 52, 

the signals received by the cc mputer tiuough the second, 
tiiird and fourth of the tv isled pairs of wires being 
provided in packets each hi ving a preamble defined by 
a plurality of timing signafe and each providing, after 
the preamble, data signals tcprescnting information. 



each of the fourth means i 
means responsive to I 
signals following the ^ 
individual one of the i 
regulating in a second i 
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each of the fourth means in the plurality mcluding sixth 
means responsive to he digital conversions of the 
timing signals in the p eamble in the packets ftom an 
individual one of the i hiid means in the plurality for 
regulating in a fini re adonship such digital conver- 
sions at the particular Cate. 

the plurality including seventh 
[digital conversions of the data 
ramble in the packets from an 
ird means in the plurality for 
- . ationship such digital conver- 

sions at the particular ra te, 

the second relationship bang different from the first 
relationship. 

56. In a combination as sei forth in claim 55, 
the regulation in the first re! itionship being operative with 

a first gain factor, 

the regulation in the secont relationship being operative 
with a second gain facto , 

the second gain factor being less than the first gain factor, 20 
and 

eighth means responsive to he analog levels established 
by the fifth means In the plurality for decoding such 
analog levels and for cotmrining the decoded analog 
levels to recover the information represented by such 25 
decoded analog levels. 

57. In a combination as set ft rth in claim 56, 

a plurality of ninth means eadh responsive to the signals 
received through an individual one of tjafsecond, third 
and fourth twisted pairs cjf wires^or providing an 30 
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15 



I ngfials, and 

^onsive tothe digital 
1 one of the third means 
L a particular value the 
idividual one of the ninth 
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L computer included in a 
Jviding packets of signals where 
jlefined by a plurality of 
^tyofdata signals having 40 
ilog levels to represent 

} of the signals from 



automatic gain con 
a plurality of tenth 
conversions from an 
in Che plurality for n 
gain of the signals 
means in the plural 
58. In combination fc 

system having a hub for ^ , 

each packet includes a preamble 
timing signals and includes a plui 
individual ones of a plurality of 
information, 
fixst means for receiving the 
the hub, 

second means responsive to the signals in the packets ^ 
received from the hub for providing a digital conver- 
sion of such signals at a particular rate, 

third means responsive to the distal conversions from the 
second means and the timing sisals in the preamble in 
each packet for producing a first output dependent upon 
the occurrence of such timingl signals relative 10 the 
digital conversions from the sejcond means, 

fourth means responsive to the digital conversions from 
the second means and the data signals following the 
preamble in each packet for producing a second output 
dependent upon the occunenc^ of the data signals in 
the packets relative to such digital conversiotis, 

fifth means for providing clock fignals at a rate consti- 
tuting an integral multiple of the particular rate, and ^ 

sixth means selectively responsive to the first output from 
the third means and the seconn output from the fourth 
means for passing individual pnes of the clock signals 
from the fifth means to the seoond means in accordance 
with the selected ones of the ^rat and second outputs to 65 
obtain a regulation of the digital conversions by the 
second means at the particuliir rate. 
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59. In a combination 
the second means bein] 

conversion of the si; 

the hub in accordan 

clock signals passed 
the third means being oj 

produce the first outpi 
the fourth means being 

fipom the first gain to 

60. In a combination as 
the second means being o| 



set forth in daim 58, 
operative to provide the digital 
lals in the packets received from 
with the individual ones of the 
the sixth means, 

trative at a first gain factor to 
and 

ve at a second gain different 
luce the second output 
forth in claim 58, 

ve to provide the digital 



conversion of the signal^ in the packets received from 
the hub in accordance with the individual ones of the 
clock signals passed by toe sixth means, and 
seventh means responsive to the digital conversions by 
the second means of theldata signals in the packets 
received from the hub for operating upon such data 
signals to recover the it^o^ation represented by such 
digital conversions. 



61. In a combination as set 
seventh means responsive to 

data signals from the 
individual ones of the 
tude to the peaks of such dij 
eighth means for recovering 
individual ones of the anali 
seventh means. 

62. In a combination as set foi 
the fifth means including a \ 

nected in a ring oscillator, 
each of the amplifiers being coi 
lator to pass a signal on a cyi 
signals passed by the other 
oscillator, 



in claim 59, 
digital conversions of the 
means for selecting the 
levels closest in magoi- 
tal conversions, and 
te information from the 
levels selected by the 

in claim 58, 
lity of amplifiers con* 

in the ring osdl- 
sis relative to the 
nplifiefs in the ring 



;the first output from 
X of the timing 
et and for selec- 
om the fourth means 
I signals following the 



from an individual 
I for each packet 
I seventh means for 



seventh means for selectively 

the third means during i 

signals in the preamble j 

lively passing the secon 

during the occurrence of i 

preamble in each packet, i 
eighth means for passing the sig 

one of the amplifiers in the f 

in response to the output from i 

such packet 

63. In a combination as set forth ii daim 58, 
seventh means for transmitting the signals from the com- 
puter to the hub, and 

eighth means in the computer for J providing a priority 
between the signals transmitted ^y the computer and 
the signals received by the computer when the trans- 
mitted and received signals occur Simultaneously at the 
computer. I 

64. In combination for use in a system having a hub for 
providing packets of signals where each packet includes a 
preamble defined by a plurality of|timing signals and 
includes a plurality of data signals having individual ones of 
a plurality of analog levels to represeiit information, 

fint means for recdving the signalsjin each packet, 
second means responsive to the signals received in each 

packet for providing digital conversions of such signals 

at a particular rate, | 
third means responsive to the digital convertsions from 

the second means for produdng individual ones of the 

analog levels in the plurality, the Individual one of the 
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analog levels for each ol the digital convertsions being 
that analog level closcstno the peak amplitude of such 
digital convertsion. \ 

the digital conversions from 
packet for regulating the 



fourth means responsive 
the second means in 
digital conversions of 
packet at the particular 

fifth means responsive to thel 
levels from the third me; 
levels to the information 
in the packets. 

65. In a combination as set 



received sigiuils in each 
e, and 

ndividual ones of the analog 
i for converting such analog 
nted by the data signals 

1 in claim 64, 



10 



the second means including s xth means responsive to the 
digital conversions in each preamble in each packet for 
regulating the digital convt rsions at the particular rate, 
and 

the second means including s venth means responsive to 
the digital conversions of he data signals following 
each preamble in each packc t for regulating such digital 
conversions at the particula ' rate. 
66. In a combination as set fo th in claim 64, 
each of the digital conversion from the second means 

having a peak amplitude and a zero crossing, 
the fourth means including sixth means responsive to first 
patterns in the peak amplitu les and zero crossings of 
the digital conversions prodi ced by the second means 
for regulating with a first gain factor such digital 
conversions at the particular rate, and 
the fourth means including 



20 



second patterns in the 
crossings of the digital, 
second means for regi 
such digital conversion 
the second gain factor 
factor. 

67. In a combination as set f< 
the third means including a 
adder and a second equalizer, 
responsive to the digital conv< 
means and the data slicer pro^ 
the second equalizer being 
signals from the data slicer a 
sive to the signals from the 
and the data slicer being 
signals from the adder for 
slicer the individual ones of 
plurality, and 
the fifth means being responsive 
the plurali^ of amplitude levi 
for converting such individual 
to the informadon represented 
the packets. 



s responsive to 
»litudes and die zero 
ions produced by the 
th a second gain factor 
particular rate, 
'erent than the first gain 



30 



35 



in claim 64, 
[ualizer, a data slicer, an 
first equalizer being 
ions from the second ^ 
Lg digital signals and 
tnsive to the digital 
[the adder being respon- 
and second equalizers 
tnsive to the digital 
idng from the data 
analog levels in the 
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68. In combination for use in a system having a hub for 
providing packets of signals when each packet includes a 
preamble defined by a plurality of timing signals and 
includes a plurality of data signals following the preamble 
and having individual ones of a plu rality of analog levels to 
represent information, 
first means for receiving the sig lals in each packet, 
second means for providing di ptal conversions of the 

received signals in each pack ;t at a particular rate, 
third means responsive to die difital conversions from the 
second means during the o<curTexioe of the timing 65 
signals in the preamble in eac i packet for determining 
the amplitudes and polarities^ of such digital conver- 



the individual ones of 
s from the third means 
ines of the analog levels 
y the digital signals in 
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tsumed by the thiid means to 
Id zero crossings of such digital 
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sions at the times 
constitute the peaks 
conversions, 

fourth means responsive tk first patterns in the amplitudes 
determined by the thirdmieans at the times assumed by 
the third means to consfimte the peaks and zero cross- 
ings of such digital codversions for providing a first 
phase adjustment in the\digital conversions &om the 
second means, 

fifth means responsive to sicond patterns in the ampli 
tudcs determined by the\ third means at the times 
assumed by the third mean j to constitute the peaks and 
zero crossings of such digit U conversions for providing 
a second phase adjustmcn in the digital conversions 
irom the second means, and 

sixth means responsive to the digital conversions ftom the 
second means for recovcrng the information repre- 
sented by the signals in the packets, 

the first phase adj ustment bcin ; different from the seco nd 
phase adjustment 

69. In a combination as set fo th in daim 68 whcrdn 

the third means provides first j nd second determinations 
in each cycle of the amplini des of the digital conver- 
sions from the second mcanji at times assumed by the 
third means to correspond to the peaks and zero cross- 
ings in such cycle, and 

the fourth means provides the first phase adjustments 
when the ampHmde detcrmiiicd by the, third means at 
the times assumed by the thitd m^fl&to be the peaks 
of such digital con^ojfiljmsl^ gp^or than the anq)li 



mdes. amplified by 
the third means at th( 
to be the zero cross: 
70. In a combinatii 
the third means resi 



^ determined by 

>» as umed in the third means 
U su :h digital conversions, 
fortl in daim 68 wherein 
mdes first and second 



uiuu 1UKUI5 respccHvcjy^pn 
determinations in each cycle ot the digital conversions 
from the second means durin * the preamble in each 
padcct at times assumed by tife third means to corre- 
spond to the peak and zero (lossings of the digital 
conversions in such cycle and 
the fourth means provides the fcrst phase adjustments 
during the preamble in each jacket when the ampli- 
todes determined by the thiri means at the times 
assumed by the third means to be the peaks of such 
digital conversions is greatei than the nn^pii^^T^f^^, 
amplified by a particular gain, ictermined by the third 
means at the times assumed by flie thud means to be the 
zero crossings of such digital < onversions and 
the fifth means provides the second phase adjustments 
during the preamble in each jacket when the ampli- 
tudes determined by the thiri means at tfie times 
assumed by the third means o be the peaks of the 
digital conversions is less thai the amplitudes, ampli- 
fied by the particular gain faitor, detennined by the 
third means at the times assum sd by the third means to 
be the zero crossings of such digital conversions. 
71. In a combination as set fortl in daim 70 whcxra 
the fourth means provides the fi st phase adjustments fa 
each cycle during the preambl( ; in each packet until the 
product of the amplitudes cf the first and second 
determinations m such cycle i j zero, and 
the fifth means provides the seco id phase adjustments m 
each cycle during the preamble in each packet until the 
product of the amplitudes ol the first and second 
determinations of the amplitudes m such cydc is zero. 
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72. In combination for udp in a system having a hub for 
providing packets of signalJ where each packet includes a 
preamble defined by a plerality of timing signals and 
includes a plurality of data signals following the preamble 
and having individual ones o ' a plurality of analog levels to s 
represent information, 
first means for receiving t] le signals in each packet, 
second means for providir 
received signals in each 
third means for providing 
times during each digits 1 
means. 



g a digital conversion of the 
packet at a particular rate, 
digital outputs at progressive 
conversion from the second 



fourth means for operating 
from the second means 



mine the amplitudes and 
versions at such times, 

fifth means responsive in 
in the preamble in each 
polarities determined for 
cycle to select a particuli 
the progressive times finoi 
ing the digital conversioi 

sixth means responsive to 



h cyde of the timing signals 
t to the amplitudes and 
digital conversions in such 
one of the digital ou^uts at 
the third means for provid- 
by the second means, 
digital conversions by the 
second means of the datalsignals following the pre- 
amble in each packet for selecting the analog levels of 



such data signals closest in 
the digital conversions, and\ 

seventh means responsive to 
the sixth means for recove 
sented by such analog levc 

73. In a combination as set fc 

the fifth means inclu( 
magnitudes of the 
the fourth means at 
means to be the peak 
the preamble in each i 
by the fourth means 




in cjjiffl 72. 
n^am responsive to the 
^ions determined by 
assumed by the fourth 
gital conversions during 
^ at the times assumed 
zero crossings of such 



I outputs at the progres- 
t in obtaining the digital 

I in claim 72, 
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upon the digital conversions 
during the occurrence of the 
timing signals in the pre unble in each packet at times 
assumed by the fourth z leans to constitute the peaks 
and zero crossings of sue \ digital conversions to deter- 
polarities of the digital con- 



15 



20 



25 



ciitudes to the peaks of ^ 

analog levels selected by 
the information repre- 



ss 



digital conversions during the preamble in such packet 
for providing a particular adju|tment in the selection of 
the particular one of the digii 
sive times bom the third mi 
conversions by the second 

74. In a combination as set f( 
the fifth means including eighth means responsive to the 

magnitudes of the digital coirversions determined by 
the fourth means at the times assumed by the fourth 
means to be the peak of the digital conversions after the 
preamble in each packet an<f the magnitudes of the 
digital conversions determined by the fourth means at 
the times assumed by the foiuth means to be the zero 
crossing of such digital convcpions after the preamble 
in such packet for providing a particular adjustment in 
the selection of the particular/one of the digital outputs 
at the progressive times from pie third means in obtain- 
ing the digital conversions by the second means. 

75. In a combination as set forth in claim 72, 

the sixth means including eighth means responsive to the 
signals from the second meap in representation of the 
information in the packets foi' selecting individuals one 
of a plurality of pre-scleccpd amplitude levels, the 
individual one of the pre-^ected amplitude levels 
being that closest for each oQ the digital signals to the 
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amplitude of such digiiil signal from the second means, 
and 

automatic gain control ni ans for regulating the gain of 
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the seventh means incl 
the individual ones of 
automatic gain control mi 
the digital conversions 
particular value. 
76. In combination for use 
providing packets of signals 
preamble defined by a plu 
includes a phirality of data si; 
and having individual ones of 
represent infonnation, 
first means for receiving the 
second means for providing 



20 



25 



30 



35 



40 



45 



50 



55 



GO 



65 



ig ninth means responsive to 

IS for regulating the gain of 
m the second means at a 

a system having a hub for 
rhere each packet includes a 
ity of timing signals and 
tals following the preamble 
plurality of analog levels to 

signals in each packet, 
a digital conversion of the 



received signals in each p ucket at a particular rate, 
third means for operating vhon the digital conversions 
&om the second means during the occurrence of the 
timing signals in the preamble in each packet at times 



to constitute the peaks and 
conversions to detennice 
of such digital convcr- 

ch cycle of the timing 
\ packet to a first rela- 
nd polarities of the digital 
\ times in such cycle for 
j subsequent cycles of the 



assumed by the third 
zero crossings of such digi 
the amplitudes and polarii 
sions at such assumed 
fourth means responsive in 
signals in the preamble in 
tionship in the amplitudes 
conversions at such assumi 

providing a first adjustment ^ ^ 

timing signals in the times assumed by the third means 
to constitute the peaks and zero crossings of the digital 
conversions in the preamble in such packet, 

fifth means responsive to the pperation of the fourth 
means in providing the fir^ adjustment in the times 
assumed by the third mearis tolcon^ti^te the peaks and 
zero crossings of the ^fiigitalj^cmversions in the pre- 
amble of such packet for prevniting any fiirther ones of 
such first adjustments {;^ucl\ qf^Tnimfd times in the 
preamble in such p 

sixth means responsive in c{^h cycle of the timir^ signals 
in the preamble in each packet [o a second relationship 
in the amplitudes and polarities of the digital conver- 
sions at such assumed times in such cycle for providing 
a second adjustment, less than] the first adjustment, in 
subsequent cycles of the timing signals in the times 
assumed by the third means to ponstitute the peaks and 
zero crossings in the preamble in such packet, and 

seventh means responsive to the idjustments in the times 
assumed by the third means to constitute the peaks and 
zero crossings of the digital p)nverstons in the pre- 
amble in each packet for providing corresponding 
adjustments in the time for the digital conversion of the 
data signals in such packet |to regulate the digital 
conversions of the data signals at the particular rate. 

77. In a combination as set forth* in claim 76, 

eighth means responsive to the cugital conversions at the 
particular rate of the data signals following the timing 
signals in each packet for recovering the information 
represented by such data signals. 

78. In a combination as set forth in claim 76, 

eighth means for preventing adjustments in the times 
assumed by the third means to constitute the peaks and 
zero crossings of the digital \conversions during the 
preamble in each packet afteAa particular ntmiber of 
timing signals has occurred inhuch preamble. 



31 



10 



79. In a combination as s|t forth in claim 76. 
eighth means responsive to the digital conversions by the 

second means for determining, for each of the data 
signals following the ircamble in each packet, the 
individual ones of the i mplimde levels closest in the 
plurality to the peaks of such digital conversions, and 
ninth means responsive to tl e analog levels determined by 
the eighth means for rea vering the information repre- 
sented by such analog le rels, 

80. In a combination as set forth in claim 77. 
ninth means for operating ipon the digital conversions 

fipom the second means, after the preamble in each 
packet, at times assumed by die ninth means to con- 
stitute Uie peaks and ze o crossings of such digital 
conversions, to determine the amplimdes and polarities 15 
of such digital conversioi s at such assumed time, and 
tenth means for operating upon the digital conversions 
from the second means, after the preamble in each 
packet, to provide adjustn lents in the times assumed by 
the ninth means to constitute the peaks and zero cross- 20 
ings of the digital conver dons, in accordance with the 
relative amplitudes and polarities of the digital conver- 
sions at the times assuiied by the ninth means to 
constimte the peaks and : ero crossings of such digital 
conversions. 

the tenth means being operaj ive to provide adjustments in 
the times assumed by the ninth means to constitute the 
peaks and zero crossings of the digital conversions in 
subsequent cycles of the lata signals in the packets. 

81. In combination for use in a system having a hub for 
providing packets of signals vhere each packet includes a 
preamble defined by a plunlity of timing signals and 
includes a plurality of data sig sals following the preamble 
and having individual ones of a plurality of analog levels to 
represent information, 

first means for receiving the signals in each packet, 
second means for providing a digital conversion at a 
particular rate of the received signals in each packet, 
third means for determinini. for each of the digital 
conversions following the j reamble in each packet, the 40 
individual one of the analog levels closest in magnitode 
to the peak of such digit^ sonvu^ions. 
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fourth means for < . 
from the second 1 
data signals follov 
times assumed by 
peaks and zero ctossb 
respectively deten 
second means at sue 



Lthe digital conversions 
ng the occurrence of the 
nble in each packet, at 
I means to constitute the 
ch digital conversions to 
; thelamplimde levels from the 
\ assui led times, 
fifth means responsive to the a nplitude levels determined 
by the fourth means for eac 1 digital conversion of the 
data signals for providing ac jusiments in the rate of the 
digital conversions by the second means to regulate 
such digital conversions at he particular rate, and 
sixtii means for preventing tie operation of the fourth 
means during the occurrem e of the timing signals in 
each packet and during the time between the occur- 
rence of successive packets 
82. In a combination as set forth in claim 81, 
seventh means responsive to the individual ones of the 
analog levels determined by the fourth means for 
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to recover the information 
levels. 



decoding such analog levels 
represented by such analog 
83. In a combination as set fcith in claim 81, 
the fifth means including seve nth means responsive in a 
first relationship to a fint pattern of the amplitude 
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levels determined by me fifth means at the times 
assumed by the fourth means to be the peaks and zero 
crossings of the digital {conversions from the second 
means for providing first adjustments in the rate of such 



digital conversions, and | 
the fifth means including i 
second relationship to a s 
levels determined 
assumed by the fifth ; 



f ghth means responsive in a 
nd pattern of the amplitude 
fifth means at the times 
I to be the peaks and zero 
iQ crossings of die digital coViversions for providing sec- 
ond adjustments in the rata of such digital conv^sions, 
the second adjustments being different from the first 



irth in claim 83, 
tal conversions in the first 
between amplitude levels 
levels of the opposite 



84. Li a combinadon as set 1 
the amplitude levels of the di£ 

pattern providing a transitid 
of one polarity, and amplii 
polarity, 
the amplimde levels of the 
second pattern constituting 
same polarity, 

the seventh means bdng ope-ative with a higher gain 
factor than die eighth mean: . 

85. In combination for use in i l system having a hub for 
providing packets of signals whe ne each packet includes a 
preamble defined by a plurality of timing signals and 
includes a plurality of data signals having individual ones of 
a plurality of analog levels to rep :esent information, 

first means for receiving the sij ^s in each packet, 
second means responsive to the signals received in each 
packet for providing a digital conversion of such sig- 
nals at a particular rate. 



ligital conversions in the 
amplitude levels of the 
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third means for < 
the digital conversio 
times assumed by the|l 
zero crossings of s 

fourth means responsiv 
determined by the t 
in the preamble in 
adjustments in the ] 



^the 



phase i 



Leahstol 



►of 



aii^)litude of 
means at the 
be the peaks and 
conversions, 
_T)hases and amplitudes 
ans during the timing signals 
pa:ket for providing first 
such digital conversions to 



regulate the digital conversio is at the particular rate, 
fifth means responsive to each d tgital conversion follow- 
ing the preamble in each pack ^ for selecting the analog 
level closest in the plurality tc die peak assumed by the 
third means in such digital o mversion, and 
sixth means responsive to the phases and amplitudes 
determined by the third mean; i in the digital conversion 
during the data signals in & ich packet for providing 
second adjustments in the ra e of such digitsd conver- 
sions to regulate at the parti< ular rate the digital con- 
versions of the data sigtials. 

86. In a combination as set for h in claim 85, 
the fourth means providing the first adjustments at a 

higher gain factor than the \ ;ain factor of the second 
adjustments provided by the sbcdi means. 

87. In a combinadon as set for h in claim 86, 
seventh means for activating ttie fifth and sixth means 

only during the occurrence of the data signals following 
the preamble in each packet 

88. In a combination as set for h in daim 85, 
seventh means responsive to the analog levels selected by 

the fifth means for converting such analog levels to the 
information represented by me data signals following 
the preamble in each packet. I 

89. In a combination as set fortn in daim 85, 
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i phase inversion in the tinses 
; peaics and zero crossings in 
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the fourth means including seventh means responsive to a 
6rst relationship in tm phases and amplitudes of the 
peaks and zero crossings determined by the fourth 
means in the preambldin each packet for providing a 
phase inversion in the times for such determinations of 
the peaks and zero croisings during such preamble in 
such packet, I 

the fourth means includin, ; eighth means responsive to a 
second relationship in tl e phases and amplimdes of the 
peaks and zero crossiigs determined by the fourth 
means in the preamble in. each packet for providing 
adjustments, less in pba ic than the phase inversion, in 
the times for the determ nations of such peaks and zero 
crossings during such p camblc in such packet. 

90. In a combination as sa forth in claim 89, 

ninth means for limiting |he operation of the seventh 
means to provide only 
for the determination of I 
the preamble in each 

91. In a combination as setlforth in claim 85, 
seventh means for providing for the operation of the 

fourth means only during the occurrence of a first 
particular number of timiij^ signals in the preamble in 
each packet 

92. In a combination as set fbrth in claim 89, 
the fourth means providing I the first adjustments at a 

higher gain factor than tm gain factor of the second 

adjustments provided by the sixth means, 
ninth means for activating thelfifth and sixth means only 

during the occurrence of thqdata signals following the 

preamble in each packet, 
tenth means for limiting the bperaiion of the seventh 

means to only one phase inversion in the times for the 

determination of the peaks ^d zero crossings in the 

preamble in each packet, 
eleventh means for activating 1 the fourth mcfins only 

during the first occurrence o( a particykfr number of 



[packet, and 
i selected by 
L analog levels to the 
^ta signals following 
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timing signals in the prtw^ji 
twelfth means responsive to 
the fifth means for con^ 
information represented 
the preamble in each 
93. In combination for use in | sVstem having a hub for 
providing packets of signals whm leach packet includes a 45 
preamble defined by a plurality of timing signals and 
includes a plurality of data signals h^ing individual ones of 
a plurality of analog levels to repres ent information, 
first means for receiving the signi Is in each packet, 
second means responsive to the si ^s received in each 
packet for providing a digital c >nversion of such sig- 
nals at a particular rate, 
third means for determining the ph ises and amplitudes of 
the digital conversions from the ^ond means at times 
assumed by the third means to je the peaks and zero 
crossings of such digital conver uons, 
fourth means responsive to the am plitudes and phases of 
the peaks and zero crossings d( termined by the third 
means in the preamble in each p acket for adjusting the 50 
rate of such digital conversions 11 1 accordance with such 
amplitudes and phases to reguli te the digital conver- 
sions at the particular rate, 
fifth means for boosting the gain of he digital conversions 
from the second means when t le amplimdes of the 65 
peaks and zero crossings from ^e second means are 
below a particular value, and 
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sixth means responsivcRo the digital conversions from the 
second means for rftcovering the information repre- 
sented by the digital conversions following the pre- 
amble in each packet 

94. In a combination as set forth in claim 93, 

the fifth means boostinj the gain of the digital conver* 
sions by a first particu ar value when the amplitudes of 
the peaks and zero cro: sings from the second means are 
below a first particula value, and 

seventh means for boost ng the gain of the digital con- 
versions by a second {larticular value greater than the 
first particular value when the amplitudes of the peaks 
and zero crossings detennined by the second means are 
below a second particular value less than the first 
particular value. 

95. In a combination as sk forth in claim 93, 
seventh means for provic ing a phase inversion in the 

times of the determinations of the peaks and zero 
crossings by the seconc means in the timing signals 
when the amplitudes of such detenninations in such 
timing signals have a par icular relationship, theteby to 
adjust the rate of the digi tal conversions in a direction 
to regulate the digital conyersions at the particular rate, 
and 



eighth means for preventinglany other adjustments in the 
rate of the digital conversions at the time that the phase 
inversion is being providad by the seventh means. 
96. In a combination as set forth in claim 93, 
30 seventh means responsive tolthe signals received in each 



packet for providing an au^^ 
signals, 

the second means being respG[nsive to t 
seventh means for ] 
such signals at the ] 

97. In a combinaiiok 
a ring oscillator fon 

connected in a seq 
amplifiers in the i 
an output signaly 
adjusted by a parti^ 
the output signal 
sequence, and 

seventh means operatively coiipled to the amplifiers in the 
ring oscillator and to the fo irth means for selecting an 
individual one of the ampli: iers in accordance with the 
adjustments provided by the t fourth means to obtain the 
digital conversions by the s xond means at the particu- 
lar rate. 

98. In a combination as set f6rth in claim 93, 
seventh means for providing a phase inversion in the 

times of the determination by the second means of the 
peaks and zero crossings i i the digital conversions of 
the timing signals when tli e amplitudes of such deter- 



:omatic gain control in such 



signals from the 
gtal conversion of 



I in claim 93, 
a plurality of an^)lifiers 
a closed loop, each of the 
i ^ing connected to provide 
pi rticular rate with a phase 
' xni ignitude &om the phase of 
the previous amplifier in the 




minations in such timinj 
relationship, thereby to 
the rate of the digital 
value, and 
eighth means for limiting 
ments of the rate of the di| 
signals at the times after 
99. In combination for use 
providing packets of signals 
preamble defined by a pli 
includes a plurality of data sij 
a plurality of analog levels to 



signals have a particular 
imize the time for adjusting 
inversions to the particular 

le magnitudes in the adjust- 
"tal conversions in the timing 
phase inversions, 
a system having a hub for 
ere each packet includes a 
ity of timing signals and 
s having individual ones of 
It information. 
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first means for receiving he signals in each packet, 
second means responsive to the signals received in each 
packet for providing a iigital conversion of such sig- 
nals at a particular rate 
third means for determining the magnitudes of the digital 
conversions from the uecond means at the times 
assumed by the third mians to be the peaks and zero 
crossings of such digital Iconversions, 
fourth means responsive tope magnitudes of the peaks 
and zero crossings determined by the third means in 
each preamble in each packet for providing first adjust- 
ments in the rate of such < " 



magnimdes of such 
lar relationship, thereby 
sions at the particular rate,| 

fifth means for providing a pi 
the determinations of the 
the third means of the di; 
signals when the magni 
have a second particular 
first particular relationshi] 
the digital conversions 
digital conversions at 

the phase inversions being 
adjustments, and 

sixth means for preventing any 
rate of the digital conversions 
inversion is being provided b 

100. In a combination as set foi 

seventh means responsive to the 
packet for providing an autoi 
signals. 



igital 



conversions when the 
itions have a first particu- 
late the digital conver- 



mversio 



' such I 



the times of 
crossings by 
(ions in the timing 
determinations 
ip different from the 
to adjust the rate of 
ion to regulate the 
[cular rate, 
in phase than the first 

[other adjustments in the 
the dme that the phase 
the fifth means, 
in claim 99, 

received in each 
ic gain control in such 
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the second means being fesponsive to the signals from the 
seventh means for selectively providing the digital 
conversion of such signals at the particular rate. 
101. In a combination aa set forth in claim 99, 
a ring oscillator fonned\from a plurality of amplifiers 
connected in a sequendfc in a dosed loop, each of the 
amplifiers in the sequenjce being connected to provide 
an output signal at the\ particular rate with a phase 
adjusted by a particular )pagnitude from the phase of 



the output signal in thi 
sequence, and 
seventh means operatively . 
ring oscillator and to the 



previous amplifier in the 



hipled to the amplifiers in the 
_ ^ burth means for selecting an 

individual one of the ampfifiers in accordance with the 
adjustments provided by tl e fourth means to obtain the 
digital conversions by the econd means at the particu- 
lar rate. ^ 



102. In a combination 
eighth means for limit 

ments of the fate of the 
after the phase inver5i< 

103. In a combination as \ 
seventh means for boo 

versions by the second _ 
the determinations of the 
the third means of the digit 
particular value, and 
eighth means responsive to 
the second means for rec 
resented by the digital con 
following the preamble in 



:Iaim 99, 

ndes in the adjust- 
onversions at the times 

I in daim 99, 
\ gain of the digital con- 
\ when the magnitudes of 
' 5 and zero crossings by 
I conversions are below a 

\ digital conversions from 
tg the information rep- 
ions of the data signals 
packet 
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104. A method of processmg\ signals transmitted through a transmission medium and 



having predetermined characteristics at particular phases in the signals, comprising the steps 



10 



15 



of: 



receiving the signals from the transmission medium. 



providing timing signals havin 



the particular phases and having the predetermined 



characteristics at the particular phases m the timing signals, 
digitally processing the receivea signals, and 

adjusting the phases of the digitally processed signals to have the times for the 
occurrence of the predetermined characteiiistics in the digitally processed signals coincide with 
the times for the occurrence of the predetermined characteristics in the timing signals. 

105. A method as set forth in claim 104 wherein 

the timing signals have peaks and zero crossings and wherein the predetermined 
characteristics in the timing signals coniltitute^e peaks and zero crossings of the timing 



20 



signals and wherein 

the digitally processed signa ls 




have peaks and zero crossings and wherein the 



predetermined characteristics in the digital ly processed signals constitute the peaks and zero 



25 



crossings of the digitally processed signal: 



106. A method as set forth in claim 104 wherein 

the received signals are provided in packets and wherein 

the received signals in each packet: include timing signals in a preamble and data 
signals following the preamble and whereij 

the digitally processed signals receiving in each packet the adjustments in the phases 
constitute the timing signals in the preamble in the packet . 
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107. A method as set forth in clair 
the data signals in each packet have 



106 wherein 

iplitudes providing data and wherein 



the data signals in each packet are processed, after the adjustments in the phases of the 
timing signals in the packet, to recover the apiplitudes of the data signals in the packet. 
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108. A method as set forth in claim 106 wherein 

the digitally processed sigiials receiving in each packet the adjustments in the phases 

of the digitally processed signals also constitute the data signals in the packet. 

I 

i 

109. A method as set forth in claim 108 wherein 

the adjustments in the phases of the timing signals in each packet are greater than the 
adjustments in the phases of the data signals in the packet. 



110. A method as set forth in claim 106 wherein 



the preamble in each packet includes a particular number of the timing signals and 



wherein 

the adjustments are made in 



the timing signals in the preamble 



the phases of only first ones of the particular number of 



in each packet. 



111. A method of operating upon signal packets each including a plurality of signals 
having predetermined characteristicsl comprising the steps of: 

receiving the signal packets. \ 

providing a plurality of timiAg signals each having predetermined characteristics at 
particular phases in the timing signals, ^ 

selecting times, in the re^ei^d signals in the packets, at which the predetermined 
characteristics in the timing sigHals sore predicted to occur, 

determining any phase differences between the predicted times, and the actual times, 
for the occurrence of the predetermined characteristics of the timing signals, and 

adjusting the predicted times of the occurrence of the predetermined characteristics of 
the timing signals to eliminate any differences between the predicted times, and the actual 
times, for the occurrence of the predetermined characteristics of the timing signals. 

112. A method as set forth in claim 111 wherein signals in the packets have 
amplitudes providing data, including the step of: 

determining the amplitudes of the received signals in the packets after adjustments 
have been made in the phases of the received signals at which the particular characteristics 
of the timing signals are predicted to occur. 
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113. A method of operating upon signal packets each including a plurality of signals. 



comprising the steps of: 

receiving the signal packets, 
providing a plurality of timing sii 



als each having successive peaks and zero crossings. 



selecting times, in the received signals in the packets, at which the peaks and zero 
crossings in the timing signals are predicted to occur. 

determining any differences between the selected times, and the actual times, for the 
occurrence of the peaks of the timing signals and any differences between the selected times, 
and the actual times, for the occurrence of the zero crossings of the timing signals, and 

adjusting the predicted times of the occurrence of the peaks and zero crossings of the 
timing signals to eliminate any differences between the predicted times, and the actual times, 
for the occurrence of the peaks of the timing Isignals and to eliminate any differences between 
the predicted times, and the actual times, of the occurrence of the zero crossings of the timing 
signals. 
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114. A method as set forth in claim 113 wherein signals in the packets have 



amplitudes providing data, including the step of: 
determining the amplitudes of the received sii 



of the occurrence of the peaks of the timing 'signals after adjustments have been made in the 



predicted times at which the peaks and zerc/crossings of the timing signals are predicted to 



occur. 



1 



115. 




s in the packets at the predicted times 



A method of operating upon signal packets each including a plurality of signals 
with each signal having an individual one of a plurality of different characteristics, comprising 



the steps of: 

receiving the signal packets, 
providing a plurality of successive timing signals. 



selecting times, in the received signals in the packets, at which the timing signals are 
predicted to provide for the occurrence of the iijdividual ones of the particular characteristics 



in the successive ones of the received signals, 

determining any difference between the predicted times, and the actual times, at which 



the timing signals provide for the occurrence of the individual ones of the particular 



characteristics in the successive ones of the received signals, and 
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adjusting the particular times 



at which the successive ones of the timing signals 



provide for the occurrence of the iniividual ones of the particular characteristics in the 



successive ones of the received signals 



u the adjustment being in a direction to eliminate any 



difference between the predicted times. 



characteristics in the successive ones c f the received signals. 



116. A method as set forth in claim 115 wherein 



and the actual times, at which the successive ones of 



the timing signals provide for the occurrence of the individual ones of the particular 



each of the timing signals has 



predetermined properties at particular phases in the 



timing signals and wherein 

each of the received signals has the particular phases and has the predetermined 
properties at the particular phases in th!e timing signals and wherein 

the received signals are digitally processed and wherein 

the method additionally comprises the steps of: 

predicting the times of occurrence of the predetermined properties of the digitally 
processed signals, and 

adjusting the phases of the k 




y processed signals to have the times for the 



occurrence of the predetermined propd^ej in the digitally processed signals coincide with the 
times for the occurrence of the predAeimined properties in the timing signals. 

117. A method of operating upon signal packets each including a plurality of signals 
with each signal having an amplitude level of + L 0 or -1 to indicate data, comprising the 
steps of: 

receiving the signal packets, 

providing a plurality of timing signals each providing at a particular time in the timing 
signal for one of the amplitude levels of + K 0 or -1 to be indicated in one of the signals in 
the signal packet, 

selecting times, in the received signals in the packets, at which the timing signals are 
predicted to provide for the occurrence of the indications of the amplitude of + 1, 0 or -1 in 
the successive ones of the received signals, 

determining any difference between the selected times, and the actual times, at which 
successive ones of the timing signals provide for the occurrence of an indication of a 
crossover through an amplitude of 0 from an amplitude of +1 or an amplitude of -1 in 
successive ones of the received signals in the signal packets, and 
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adjusting the predicted times at v^hich the successive ones of the timing signals provide 



for the occurrence of an indication of a crossover through the amplitude of 0 from the 



amplitude of +1 or the amplitude of 



the actual times, at which the successive 



1 in the successive ones of the received signals, the 



adjustment being in a direction to eliminate any difference between the predicted times, and 



ones of the timing signals provide for the occurrence 



of an indication of the crossover througl 


the amplitude of 0 from the amplitude of +1 or the 


amplitude of -1 in the successive ones 


Df the received signals. 


118. A method as set forth in 


claim 117, including the step of: 


determining the amplitudes of the 


received signals in the packets at the predicted times 


at which the successive ones of the timin 


I signals provide for the occurrence of an indication 


of the crossover through the amplitude o 


f 0 from the amplitude of +1 or the amplitude of -1 


in the successive ones of the received signals, this determination being provided after 


adjustments have been made in the predicted times at vsdiich the successive ones of the timing 


signals provide for the occurrence of an indication of the crossover through the amplitude of 


0 from the amplitude of +1 or the am 


plitude of -1 in the successive ones of the received 



signals. 



119. A method of operatin^iup^ signal packets each including a plurality of analog 
signals, comprising the steps of: 

receiving the analog signals, 
converting the analog signals to digital signals, 

operating upon the digital signals td. provide timing recovery signals indicating changes 
in the frequency of the digital signals from a particular value, and 

using the timing recovery signals to regulate the frequency of the conversion of the 



analog signals to the digital signals at the particular value. 
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120. A method as set forth in claim 119 wherein 
the analog signals are received in tested pairs of wire and wherein 



the signals received in the twisted 




wires are converted to the digital signals. 



121. A method as set forth in claim 119 wherein 



the analog signals are provided withian automatic gain control and wherein 
the gain of the digitally converted signals is regulated and wherein 
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the automatic gain control of ye analog signals is regulated in accordance with the 
regulated gain of the digital signals. 

122. A method as set forth iniclaim 121 wherein 

the analog signals are provided v^th different amplitude values representing data and 
wherein 

the amplitudes of the digital signaSfs are recovered after the automatic gain control of 
the analog signals has been regulated. 



123. A method of operating upon 



signals which are provided with a limited 



number of different amplitudes representing data. 



signal packets each including a plurality of analog 



comprising the steps of: 

receiving the analog signals, 

providing the analog signals with ai automatic gain control, 
converting the analog signals with me automatic gain control to digital signals, 
regulating the gain of the digital signals at a particular value, and 



regulating the automatic gain control of the analog signals in accordance with the 



regulated gain of the digital signals. 



124. A method as set forth i 



125. A method as set forth in clai 




including the step of: 



operating upon the digital signals tb4ecover the amplitudes of the digital signals. 



124 wherein 



the analog signals are received in twi sted pairs of v^res and wherein 



the signals received in the twisted pai: 



126. A method of operating upon si 



s of wires are converted to the digital signals. 



mal packets each including a plurality of analog 



signals which are provided with a limited number of different amplitudes representing data. 



comprising the steps of: 

receiving the analog signals, 
providing a digital adaptive equalizatibn of the digital signals, and 



recovering the amplitudes of the sign 



1 



s after the digital adaptive equalization. 
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127. A method as set forth injclaim 126, including the steps of: 
operating upon the digital signals to provide timing recovery signals, and 



using the timing recovery signals to regulate the frequencv of the digital conversion 



of the analog signals at a particular value. 



128. A method as set forth in claim 127. including the steps of: 
providing an automatic gain con rol of the analog signals, 
providing a regulation of the gai i of the digital signals, and 

regulating the automatic gain control of the analog signals in accordance v^th the 



regulation of the gain of the digital signals 



129. A method as set forth in claim 126 wherein 
the analog signals are received in iwisted pairs of wires and wherein 
the signals received in the twisted pairs of wires are converted to the digital signals 
and wherein 

an automatic gain control of the analog signals is provided and wherein 
the gain of the digital signals is regulatecLand wherein 

the automatic gain control of the ariypg signals is regulated in accordance with the 
regulation of the gain of the digital signds. 



T 



130. A bidirectional data communication system comprising: 

conmiunication signals having! individual ones of a plurality of analog levels 
to represent information: 1 

a plurality of signal lines qisposed in pairs and defining a multi-pair 



communication environment, each signal line 



transmitting or receiving said communication 
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signals: 



a transmitter block, including 



a plurality of transmitters, each coupled to 



particular ones of the signal line pairs: 

a receiver block, including a pliirality of receivers, each coupled to particular 



ones of the signal line pairs, each receiver inc! 



uding; 



an analog to digital converter configured to convert a plurality of analog 



levels into a corresponding plurality of digital 



levels defining a digital signal: and 



\ 
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a digital equali zer coupled to the analog to digital converter and 
o perating on the digital signal to defi le information represented by the plurality of digital 
levels. 



10 



131. A bidirectional data communication system according to claim 127, the 
receiver block further comprising timmg recovery circuitry coupled to receive the digital 
signal from the analog to digital converter and extract timing information therefrom, the 
analog to digital converter operativelv responsive to said timing information and performing 
digital conversions at a rate defined thereby. 

132. A bidirectional data communication system according to claim 128, v^herein 



the communication signals are provided in 



packets, each packet comprising a preamble portion 



15 



and a data containing portion, the preamble portion including timing signals. 



133. A bidirectional data communication system according to claim 129, wherein 



the timing recovery circuitry comprises a first timing loop having a high gain stage and a 



second timing loop having a low gain stage, the first timing loop locking the analog to digital 



"7 

converter in phase with the preaiftbfe portion the second timing loop locking the analog to 




20 



TT \ / 

digital converter in phase with the. dar "^^ 



ontammg portion. 



134. A bidirectional dai 



the first timing loop includes a 



■tl. co: 
nigh 



unication system according to claim 130, wherein 



gh ga n error generator, a loop filter, and an oscillator 



circuit the high gain error generator responsive to characteristic values of the timing signals. 



25 



and wherein the second timing loop includes a low gain error generator, a loop filter, and an 



oscillator circuit the high gain error generator responsive to characteristic values of the data 



30 



35 



signals. 



135. A bidirectional data commuiication system according to claim 131, the digital 



equalizer further comprising: 

a feed forward equalizer halving an input receiving the digital signal from the 



analog to digital converter and an output: 



a slicer coupled to receive 



the digital signal from the feed forward equalizer 



and outputting a signal characterized by t le digital levels: 



an adder disposed between 



the feed forward equalizer and the slicer: and 



h45- 
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a decision feedback equalizer having an input receiving the signal output by 



the sheer and an output coupled to the 
feedback equalizer with the output of 


adder, the adder summine the output oi the decision 
the feed forward equalizer. 


136. A bidirectional data co 


nmunication system according to claim 132, wherein 


the plurality of signal lines comprise 


s four unshielded twisted pairs defining a local area 


network, 

137. A bidirectional data coi 


nmunication system according to claim 133, wherein 


the local area network is an ethemet r 


LCtwork, the four unshielded twisted nairs comprising 


a first pair adapted for transmissior 


, second and third nairs adapted for bidirectional 


transmission and reception, and a four 


h pair adapted for reception. 







138. A bidirectional data co 
the communication signals are encodei 



mmiinication system according to claim 134, wherein 
eg to one of three analog levels, thereby representing 



information. 



139. A bidirectional data= 



the transmitter block comprises tfare 



smitters, the transmitters coupled respectively to the 



first second and third unshielded roftsted 



twisted wire pairs. 




imication system according to claim 135, wherein 



v^e pairs, and wherein the receiver block comprises 



three receivers, the receivers coupled respectively to the second, third and fourth unshielded 



140. A bidirectional data communication system comprising: 

communication signals having individual ones of a plurality of analog levels 



to represent information: 

a plurality of signal Itnes disposed in pairs and defining a multi-pair 



communication environment, each signal line transmitting or receiving said communication 



signals; 



particular ones of the signal line pairs: 



ones of the signal line pairs, each receLver including: 



a transmitter block, inqluding a plurality of transmitters, each coupled to 



a receiver block, includir g a plurality of receivers, each coupled to particular 
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an analog to digital converter confi|Baired to convert a plurality of analog 
levels into a corresponding plurality of digital levels defining a digital signal: and 

a digital equalized coupled to the analog to digital converter and 
operating on the digi tal signal to define jinformation represented bv the plurality of digital 



10 



15 



levels. 



14L A bidirectional data commumcation system according to claim 137> the digital 
e qualizer fiirther comprising: 

a feed forward equalizer hav ng an input receiving the digital signal from the 
analog to digital converter and an output: 

a slicer coupled to receive tl e digital signal from the feed forward equalizer 
and outputting a signal characterized bv the digital levels: 

an adder disposed between tte feed forward equalizer and the slicer: and 
a decision feedback equalizer having an input receiving the signal output bv 
the slicer and an outp ut coupled to the addel the^dder summing the output of the decision 



feedback equalizer with the output of th^ f^d forward equalizer. 



20 



142. A bidirecti onal data co'ifununication system according to claim 138, the 
receiver block fiirth er comprising timing recbverv circuitry coupled to receive the digital 
signal fi'om the anal og to digital converter aftd extract timing information therefi-om, the 



vAAw mmiwt^ w m^A L Oi vuiivpii^x a lu cAirav;i timing inxormauon mereirom, me 
analog to digital conv erter operativelv responsi /e to said timing information and performing 
digital conversions at a rate defined thereby 



25 



the timing recoverv circuitry comprises a first 



A bidirecti onal data communica ion system according to claim 139, wherein 



timing loop having a high gain stage and a 



second timing loop havmg a low gain stage, the first timing loop locking the analog to digital 



converter in phase with the prea mble portion tie second timing loop locking the analog to 



30 



digital converter in phase with the data contain 



ng portion. 



IMi A bidirecti onal data communicat on system according to claim 140. wherein 



the first timing loop includes a h igh gain errc r generator, a loop filter, and an oscillator 



circuit the high gain error generator r esponsive ta characteristic values of the timing signal 



35 



and wherein the second timing loop in cludes a lo^ gain error generator, a loop filter, and an 
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oscillator circuit the high gain error gp fl lyatQr- responsive to characteristic values of the data 
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